We study the chiral condensate, ψ ψ , and various quark bilinear vertex functions for domain wall fermions at different lattice scales, with both the Wilson and DBW2 gauge actions, in both quenched and dynamical fermion simulations. We use the vertex functions to calculate renormalization factors within a non-perturbative scheme.
Introduction
The RBC collaboration has performed simulations with domain wall fermions (DWF) and the DBW2 gauge action and presented results for weak matrix elements. This report focuses on the chiral condensate ψ ψ and exploits nonperturbative renormalization calculations to get physical values for both quenched and dynamical fermions. The simulation details are given the Table 1. Two lattice volumes are used, 24
3 × 48 for a −1 = 3GeV, and 16 3 ×32 for the others. Domain wall fermion are used for all simulations with three values of L s : 16 for the Wilson gauge action and for the DBW2 gauge action with a −1 = 2GeV and 1.3GeV, 10 for a −1 = 3GeV and 12 for dynamical fermions. Among these, data and simulation details for the Wilson gauge action and DBW2 gauge action with 1.3GeV and 2GeV have already reported [2] . The DBW2, 3GeV quenched and dynamical fermion simulations with a −1 = 1.8GeV are reported in this meeting by RBC [3] .
ψ ψ measurement
Using DWF, we can compute the value of the chiral condensate directly by evaluating ψ ψ at a series of quark mass and extrapolating to m f = −m res (see the section 4). For the quenched, a −1 = 3GeV case, we use 5 fermion masses: 0.008, 0.016, 0.024, 0.032, 0.04 and m res = 9.72 · 10 −5 [3] . For the dynamical case, three dynamical fermion masses m [3] . Besides the direct measurement of ψ ψ above, we may also determine ψ ψ from the m f dependence on the pion mass, using GellMann-Oakes-Renner (GMOR) relation:
The values obtained using both methods are given in lattice units in Tab. 2. Apart from the 3GeV case, the values from each method agree nicely.
Non-perturbative renormalization
In order to get physical values for continuum observables, results obtained from lattice simulation need to be renormalized. The RBC group has used the non-perturbative RI renormalization scheme which benefits from the O(a) off-shell improvement of DWF. A detailed explanation of this method is given in the paper [4] . There are two Table 2 Values of ψ ψ from the GMOR relation, systematic errors in this approach: lattice artifacts which appear at large momenta and nonperturbative phenomena which appear at small momenta. I will describe each of these in turn. This approach gives renormalization factors for quark bilinear operatorsūΓ i d, (Γ i = {1, γ ν , γ 5 , γ ν γ 5 , σ µν }) where u and d are quark fields, using a corresponding vertex amplitude Λ i . The renormalization factor Z i is determined by the condition:
For the case of Λ S and Λ P , there are nonperturbative contributions which must be removed. They are shown in the equations:
Subtracting the effects of the first term in each of these equations, gives values of Z S /Z P close to unity over a large range of momentum, see Fig. 1 . Generally, renormalization factors in perturbation theory have logarithmic momentum dependence. This physical momentum dependence should be removed before attempting to identify O(a 2 p 2 ) errors. Therefore we define a scale invariant (SI) version of the RI renormalization factor:
where C Γi is calculated through three loops and is normalized so that C Γi (µ 2 ) = 1. As an example, Fig. 2 shows the bare Z S /Z q and its SI version for 3GeV and dynamical simulations. In this figure, the dashed line is a linear fit of Λ
SI
Γi as a function of (ap) 2 , permitting us to remove this large momentum lattice artifact.
To determine the conventional physical quantities defined in the continuum theory, it is necessary to convert renormalization factors obtained in RI-scheme to those in the M S scheme using a relation of the form:
In order to extract the needed factor Z S and Z P from Eq. 2, we must determine Z q . This is best done indirectly by using Z A /Z q from the vertex function of the local axial current and Z A obtained from comparing the local and the conserved axial current. This method is described in detail in Ref. [1] and gives values for Z A of 0.8876(3) for a −1 = 3GeV and 0.7576(6) the dynamical case [3] . Using these Z A value, Z A /Z q and Z S /Z q from RI-scheme and the Eq. 3, we determine the Z factors given in Tab. 4. Table 3 Results for ψ ψ expressed in physical units Action a 
ψ ψ values in physical units
Using the renormalization factors discussed in the previous section, we obtain the values for ψ ψ in physical units given in Tab. 3. The results for ψ ψ agree very well except for the direct calculation in the 3GeV case which is shifted 30% above the others. It is expected because of the a dependence of the explicit chiral symmetry breaking in the domain wall scheme where ψ ψ can be written in physical unit as,
The last term in this equation can be estimated to be of the same size as 1 a 2 m res . For the GeV case, this contributes an error to the value of (12 ψ ψ ) 1/3 quoted in Tab. 3 on the order of 20%. This error is expected to decrease as L s → ∞.
Conclusion
Values for ψ ψ are obtained from different methods with different lattice scales. Good agreement is found in all but one case where a larger L s is required.
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